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STATUS OF THE LOS ALAMOS GYROCON*

Paul J. Tallerico
Los Alamos National Laboratory, Los Alamos. New Mesico

Sumn.sry

The gyrocon is a deflection-mudulated RF ampli-
fier that can achieve very high peakh-and average-
output power, as well as exceilent direct-current-to-
radio-frequency conversion efficiency. The eleztron
dynamics of the gvrocon are analyzed with a large-
signal computer code that is used to design a proto-
type gyrocon., This gyrocon is now built and it has
been operated at low duty cycle. The design goals,
construction details, and initial operating results
of the prototype gyrocon are discussed.

Introduction

Def lection-modulated microwave qenerators have
been the subject of research for about 40 years,'"?
but generally have met with linited success. Budker
and his colleagues have made several innovations®s®
in the past decade that have resulted in operable
gyrocons. The gyrocon (Fig. la) is operated with
TM11o deflection of an electron beam, folluwed by
an electrostatic bending and magnetic bending system.
Finally, the beam enters 2 resonant ring of wave-
quide, where the electron energy is extracted. This
type of gvrocon is called an a»1al gyrocon, because
the output-cavity electric field is axial. The first
gyrocon producr:d 60) kW of pulsed power in 1471, and
achieved 9VU% electronmic efficiency. The next pulsed
gyrucon (Fig. 1b) built by the Budker group has pro-
ducrd 40-Mw pulses of 6-ps duration at 0.5 Hz., The
operating efficiency is over 60% and the frequency 1s
430 MHz. The radial-type gyrocon has been designed
for 5-Mw CW outpul power at 18) Mtz. The Budker group
has achieved 1 Mw of beam power and 60U kW of output
power frcm this device. Reference 6 qives a compre-
hens ive review ot the Soviet work.
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(1-a) (1h)

Soviet axfal-style qyrocons. 1-a) The
first gyrocon, 1-b) the present Soviet axial
gyrocon. (1) Llectron qun; (2) qun tocus
cail; (3) deflection cavity: (4) electro-
static bender; (%) output cavity; (6) ¢om-
pensatfon coil; (7) collector; (%) compensa-
tion-field pole plece; (9) concial bender
coll; (10) first order bender coil,

*Wark performed under the auspices of the US
Department of Lnergy and the Alr Lorce Weapon
l aboratory.

A project to jnvestigate the gyrocon thecry and
to build a protntype has bern underway at Lot Alarus
for several years. A particle-tracing computer code
has been written to calculate the gverall conversion
efficiency of the radial gyrocon. We have uSed this
code (GYRO1) to examine the behavior of the gyrocon
as a function of beam power, frequency, anc beai velt-
age. The conclusion of this theoretical study is that
high efficiency can be obtained only at high power,
and that the optimum frequency range for the racial
gyrocon is between 300 anc 1500 MHz. Details of the
theory and the calculated results are presented in
Refs. 7 and 8.

A radial-type gyrocon was designed with GYRJ]
to operate at 86 k/, 8 A, and 450 Miz. The output
power is over 500 kW, and the dc-to-rf conversion
efficlency (which includes the RF drive power, was
calculated to be over B0%. A gyrocon has becr built
according to this design. Some aspects of the mech-
anical and electrical design, as well as the initial
operation of this gyrocon are discussed below.

Design of the Los Alamos Gyrocon

The klystrons at the Los Alamos Meson Fhysice
Facility (LAMPF) operate at 86 LV, and are pulsed L.
a floating-deck modulator.” A large power sup; 1y
at this voltage was available for experimentui pur-
poses. Thus, an electron gun from a LAMPT klystron
was a logical choice for the prototype gyrocon,
Because this electron qun has a modulat ing anode, the
beam current may be varied with minimal charge in the
beam optics. Computer simulation of the qun indi-
cated that the electron heam is well collimated at
currents over 3 A {Fig. 2a); but at lower currents, g
crossover is formed (Fig. 2b). Llectrun trajectory
data from the gun-analysis codes were used as input
data for the gyrocon design.

A TM) 1o deflection cavity is designed tu pro-
duce a rotating magnetic deflection field. Two RI
inputs arv required, and the input loops are dis-
placed by 90° in azimuth. The input signals also
must be displaced by 90° {n time, and a phase con-
troller is bujlt to maintain the 90° phase dif-
ference between the two drive signals. Our calcu-
lations indicate that a TE deflection cavity of the
type proposed by Wessel-Berg!® would reduce the RI
drive power requirement by 50%. The TL cavity hav
more beam 1nading than the TM cavityy thus, onhe must
inc lude beam loading, as well as ohmic losses, when
comiaring the two types of cavities.

A coaxtal bender magnet {s used to increase the
deflection angle of the electrons, s thry can enter
the output cavity radially. lhe coils are external
to the gyrocon vacuum system, and are surrounded by
water for ¢ooling. The surface of the core that
taces the water is grooved Tike a klystron collector,
o that ~i00 W/rm? may be dissipated on the cone
surface, without damage by the electron Leam during
tune vb. The gutput (avity 1s a resonant ring of rec-
tanqular wavequide, having rather large shits (8 c¢m)
through which the beam enters and emeryes. lhe out-
put cavity is constructed of copper-plated stainless
steel tor strength, and s water cooled to dissipate
the okmic losses. The edges of the slot, in the out-
put cavity, which may be hit by the electron beam,
are solid copper and well cooled.
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Fig. ¢-b.
Fig. 2. Lquipotentials and trajectories in the prototype gyrocon gun with no magnetic fields. ?=-a) 7.0=A beam
current. 2-b) 2.4-/ beam current,
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The output power 1s sent out of the cavity by
two loops that arc displaced 90% in azimuth., The ] . F
loops are adjustable in penetration, and are connected
to coarial transmission lines that terminate in coax-
to-waveguide transition similar to that used on the
PLP klystron  at Stanford. The collector is
isolated trom ground with ceramic standoffs. A
vicuum valve is located between the electron qun and
the deflection cavity, allowing the RF cavities 1o be
reworked without injury to the oxide cathode. A
scale drawing of the device is shown in Fig. 3.

Control System

The control system comprises seven power
supplies for the maghets, two jon-pump power sup-
plivs, tilament and oil-pump controllers, an inter-
lock chain, and the driver chain. The drive system
iy a stable treguency synthesizer, followed by sev-
eral amplificr stages. The finmyl amplifiers are
large tetrodes that can deliver over 30 kW of peak
forward power to the two gyrocon inpuls. The ¢ e
system also includes phase and amplitude controrers
that keep these guantities constant in the deflection
cavity despite variations of beam current.

Multipactoring in the deflection cavity has
been a constant problem.  The deflection cavity was

titanium coated, but this did not change the Fig. ¥. Scale drawing of the prototype yyrocon.  lhe
mult ipactoring characteristics; thus, we conc Tude iny ide diameter of the detlection cavity is
that the multipactoring discharge s located in the Bl cm.



drive loops, which are not easily accessible for
coating. The deflection cavity may be conditioned
for RF by operating the drive system for ~ 24 hours
with the beam off. Some multipactoring problems are
avoided by turning cn the RF drive before the high
voltage, which implies that the beam has a halo, or
at least has some stray eiectrons that can easily
start a muitipactoring discharge in the deflection
cavity.

Operating Results

The p-ototype gyrocon was assembled in
October 1980. The device was too large to be baked
in the over that is used to repair the LAMPF k1lys-
trons; thus, it was given a low-temperature (-80°C)
bake with heating tapes while it was on the modulator.
The various metal surfaces remain impregnated with
gas Jnd we have been able to operate at only 1 Hz to
keep the vacuum pressure in the low 10°% torr
region. A 75% beam transmission from the cathode to
the collector has been measured; but upon applying a
bias to the collector, the current varied by - 10%
with 100 V of bias. This indicates that a sub-
stantial fraction of the collector current is low-
energy, scattered, electrons presumably from the
bender cone.

The peak output power measured to date has been
only ~10 W per output, and this power is inde-
pendent of the output-cavity tuners. The primary
beam diagnostic built into the device is water-
temperature monitors in several of the cooling
passages. These indicators are essentially useless
at the low duty factor at which the gyrocon is
aperated for good vacuum. After several weeks of
conditioning, it became clear that the RF power
output could not be increased by tuning the magnet or
RF variables. The electron beam was suspected of
being grossly different from the calculations of
Fig. 2. Accordingly, a 7.5-cm-diam pepper-pot
aperture plate and phosphor screen were built to
replace the bender cone. This aperture plate could
be moved from slightly beyond the deflection cavity
to the midplane of the output cavity. The screen is
almost always illuminated across its entire surface,
even without any RF fields in the deflection cavity.
The electron beam appears to fill the entire physical
aperture and its emittance is very large. When RF is
applied, the pbeam rotates in a very small
(~1-cm-diam) circle. The RF beam loading is much
higher than calculated, because of the very large
beams at the deflection cavity. The axial electric
fields vary almost linearly from the zero at the
cavity center, ard the beam loading 1S a quadratic
tunction of the beam diameter. The reason for the
Targe beam s’ :e Is not understood. There are two
possiblities: (1) the electrons are not originating
trom the cathode as they should, or (2) the electrons
are experiencinyg a magnetic or electric field that is
not considered. This electron gun fuiled to emit
pruperly on initial tests and had to be flashed repet-
itively to obtain &5 to 8 A of current. Because the
f ilament is operated at - 10X higher voltage than
is normal for this qgun, focus-electrode emissinn could
be causing tne beam to be so large. The cathode s
poisoncd quickly, and the full space-charge limited
current is rarely achieved; it is clear that there i
something seriously wrong with the qun. The second
possibility could be caused by having some magnetized
tron in the valve mechanism. This can be checked
waen the electron gun is removed for recoating.

Conclusions

Although the prototype gyrocon has a serious
problem with its beam, the author remains convinced
that the gyrocon concept can be used to generate high
power microwaves at high efficiency. Nothing in the
theory indicates that thz concept is invalid, and the
Soviet gyrocons have been at least partially success-
ful in achieving their design goals.

The electron gun on the prototype device will
be changed and the experimental program will be
continued for the remainder of the year. The
fundamental difficulty of the gyrocon is the beam
transport, which cannot be helped by magnetic
fields. Smaller beams, operated at higher voltage
and lower current, should help this problem. Recert
work on electric deflection'? and on planas'? ind
spherical’* versions of the device, should result
in better gain and more compact designs.
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